Membrane protein-lipid selectivity: enhancing sensitivity for modeling FRET data.
Förster resonance energy transfer (FRET) is a powerful method for the characterization of membrane proteins lipid selectivity. FRET can be used to quantify distances between a single donor and a single acceptor molecule; however, for FRET donors and acceptors scattered in the bilayer plane, multiple donor-acceptor pairs and distances are present. In addition, when studying protein/lipid selectivity, for a single tryptophan used as a donor; several lipid acceptors may be located at the boundary region (annular lipids) of the protein. Therefore, in these experiments, a theoretical analysis based on binomial distribution of multiple acceptors around the membrane proteins is required. In this work, we performed FRET measurements between single tryptophan lactose permease (W151/C154G LacY) of Escherichia coli and pyrene-labeled phospholipids (Pyr-PE, Pyr-PG, and Pyr-PC) reconstituted in palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine, 1-palmitoyl-2-oleoyl-sn-glycero-3-[phospho-rac-(1-glycerol)] (sodium salt), 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-choline, and 1,2-dioleoyl-sn-glycero-3-phospho-choline at 25 and 37 °C. To increase the sensitivity of the method and to ascertain the lipid selectivity for LacY, we reconstituted the protein in the pure phospholipids doped with 1.5% of labeled phospholipids. From fitting the theoretical model to the experimental FRET efficiencies, two parameters were calculated: the probability of a site in the annular ring being occupied by a labeled pyrene phospholipid and the relative association constant between the labeled and unlabeled phospholipids. The experimental FRET efficiencies have been interpreted taking into account the particular folding of the protein in each phospholipid matrix. Additional information on the annular lipid composition for each system has been obtained by exciting W151/C154G LacY and monitoring the emission intensities for monomer and excimer of the pyrene spectra. The results obtained indicate a higher selectivity of LacY for PE over PG and PC and pointed to a definite role of the acyl chains in the overall phospholipid-protein interaction.